In Myxococcus xanthus, directed movement is controlled by inter-dependent pole-to-pole 23 oscillations of the small GTPase MglA, its GAP MglB and the RomR protein. However, these 24 proteins have strikingly different oscillatory regimes such that MglA is segregated from MglB 25 and RomR at reversal activation. The molecular mechanism whereby information is 26 exchanged between the lagging and leading poles resulting in MglA detachment from the 27 leading pole during reversals has remained unknown. Here, we show that MglA has two GTP-28 bound forms, one of which is insensitive to MglB (MglA-GTP*) and is re-sensitized to MglB 29 by a feedback mechanism operated by MglA-GDP. By identifying the region of MglB that is 30 critical for its association to the lagging pole, we demonstrate that MglA-GTP* is functional 31 in vivo. These data suggest that MglA-GDP acts as a soluble messenger to convert polar 32
Introduction
occludes the binding site of the -phosphate of GTP and is displaced by 5 Å to bind GTP in 105 the MglA-MglB complex (Miertzschke et al., 2011) . The structure of unbound MglA-GTP is 106 currently unknown, leaving open the question of whether the substantial remodeling at the 107 switch 1 and switch 2 is solely due to GTP or is promoted by MglB. MglB also differs from 108 eukaryotic GAPs, which insert residues, often an arginine, near GTP to complete the catalytic 109 sphere and stabilize the transition state (reviewed in (Cherfils and Zeghouf, 2013) ). Instead, 110
MglB forms no direct contact with GTP but indirectly positions a switch 1-borne arginine in a 111 catalytic position (Miertzschke et al., 2011) , in a manner reminiscent of the RGS GAPs of 112 eukaryotic heterotrimeric G proteins (Tesmer et al., 1997) . While important features of the 113 GDP/GTP cycle of MglA were established by these structures, their roles in maintaining 114
MglA-GTP at the leading pole during movement and allowing its rapid detachment at the 115 onset of a reversal, is currently not understood. 116
117
In this study, we uncovered properties of MglA that provide important insight into these 118 issues, by combining the determination of the full structural cycle of M. xanthus MglA and 119
MglB, GAP kinetics reconstituted from purified proteins and in vivo motility assays. Our 120 study reveals that MglA has in fact three major functional states, one bound to GDP and two 121 bound to GTP. One of the GTP-bound states (MglA-GTP* hereafter) has a mixed 122 inactive/active conformation, which renders it insensitive to GTP hydrolysis by MglB. 123
Remarkably, MglA-GTP* can be reverted to the MglB-sensitive MglA-GTP form by MglA-124 GDP, uncovering a feedback mechanism mediated by MglB. By designing a diffusible MglB (Cai et al., 2008) . Therefore, we 208 tested whether MglB might also act as a GEF for MglA, by measuring nucleotide exchange 209 using fluorescence kinetics. As shown in Figure S1H , while MglA undergoes measurable 210 spontaneous GDP/GTP exchange in the presence of Mg 2+ , this was not increased by MglB, 211 indicating that MglB does not function as a GEF under these conditions. 212
213
A positive feedback loop converts MglA-GTP from an MglB-resistant form to an MglB-214 sensitive form. 215
216
The identification of a mixed MglA state, which has structural features to bind GTP but does 217 not have the active switch 1 conformation seen in the MglA/MglB complex, raises the 218 question of whether it plays a role in MglB-stimulated GTP hydrolysis. To get insight into this 219 issue, we characterized the kinetics of MglB-stimulated GTP hydrolysis stimulated by 220 fluorescence, using an engineered bacterial phosphate-binding protein (Brune et al., 1998 , 221 Mishra et al., 2013 . Potent GAP activity was measured with this assay, which depended on 222 the presence of MglB and GTP ( Figure S2A ). GTP hydrolysis kinetics measured over a range 223 of MglB concentrations yielded a k cat /K M of 2.1x10 3 M -1 s -1 ( Figures 3A and S2B ). While 224 carrying out these experiments, we made the intriguing observation that MglA-GTP samples 225 became gradually less sensitive to MglB over time when incubated at 25 °C and were 226 resistant to GTP hydrolysis after about one hour ( Figure 3B ). In contrast, MglB remained 227 equally active over time, indicating that the effect is entirely comprised in MglA. This effect 228
was not due to unfolding, as checked by circular dichroism ( Figure S2C) . Analysis of the 229 nucleotide content in MglB-insensitive samples showed that the major nucleotide bound to 230
MglA was GTP, indicating that MglA-GTP did not convert spontaneously to MglA-GDP-Pi 231
(Figures S2D and S2E). 232
Next, we investigated whether resistance to MglB could be reverted. Remarkably, MglB-233 resistant MglA-GTP could be fully re-sensitized to MglB by addition of MglB-sensitiveconclude from these experiments that MglA-GTP exists in two functional states: one which is 239 sensitive to MglB and one which is insensitive to MglB and can be re-sensitized by MglA-240 GDP produced by MglB through a positive feedback loop. 241
242
A three-state GTPase switch controls directed motility in M. xanthus. 243
244
Our structural and biochemical analyses each identify an atypical MglA species, which has a 245 mixed conformation that can accommodate GTP but is insensitive to MglB. To assess the 246 existence and functional significance of this species in vivo, we designed a structure-based 247
MglB mutant able to diffuse freely in the cytosol, such that it could reach all MglA-GTP in 248 the cell. The MglB dimer features an extended, positively charged, convex tract located 249 opposite to the MglA-binding site ( Figure 4A ) which is conserved across bacterial species 250 ( Figure S1I ), hence appears well-suited to support intermolecular interactions that determine 251
MglB segregation at the lagging pole. We mutated K14, K120 and R115 in this tract into 252 alanines (MglB MglB (Zhang et al., 2010 , Miertzschke et al., 2011 . MglA Q82L impairs disassembly of the 263 motility complex leading to pendulum movements. The frequency these movements is 264 increased by deletion of MglB, which is explained by the formation of unproductive 265
MglA

Q82L
-MglB complexes that remove MglA from the motility complex and therefore block 266 its assembly, an effect that cannot occur in the mglB background (Treuner-Lange et al., 267 2015) . Pendulum movements induced by MglA Q82L were also blocked by MglB 3M
268
( Figure 4D ), confirming that MglB 3M acts through MglA in vivo. 269
270
The above experiments show that MglB 3M has the required functional features to investigate 271 whether all MglA-GTP, which has a mostly polar localization, can be converted by MglB into1 0
MglA-GDP, which is characterized by a cytosolic distribution (Leonardy et al., 2010 , 273 Miertzschke et al., 2011 , Treuner-Lange et al., 2015 . Remarkably, in MglB 3M -expressing 274 cells, MglA-YFP was still able to localize at the poles, indicating that a significant fraction of 275
MglA-GTP is resistant to MglB-stimulated GTP hydrolysis even under conditions when the 276 two proteins are no longer segregated from each other (Figures 4E and S3D) . Moreover, 277 regulated polar switching of MglA was never observed (Figure S3D) , thus explaining why 278 cells fail to reverse and demonstrating that polar localization of MglB and both MglA-GTP 279 species is required for the polarity switch. 280
281
Together, these observations provide several lines of evidence for the existence and 282 functionality of the MglA-GTP* species in vivo : (i) Diffuse MglB 3M can reach the entire 283
MglA-GTP pool, but an MglA-GTP subpopulation retains polar localization hence resists 284
MglB-stimulated GTP hydrolysis; (ii) this polar MglA subpopulation cannot support motility, 285 suggesting that it is structurally different from the MglA-GTP species that is able to engage 286 productively with the motility machinery. These characteristics match those predicted for the 287 mixed MglA-GTP* species observed in the crystal structure and for the MglB-resistant 288
MglA-GTP* species identified in GAP kinetics, which altogether provides strong evidence 289 that the MglA-GTP* species exists and serves a localization function in vivo. 290
291
Discussion 292
293
In this study we investigated how the structural and biochemical features of the GDP/GTP 294 switch of the small GTPase MglA contribute to molecular oscillations that control reversals in 295 the gliding bacterium M. xanthus. We discovered that MglA has three functional states in vitro 296 and in vivo, which were consistently observed 1) by X-ray crystallography, uncovering a 297 mixed usage of active and inactive switch region conformations never seen in a small GTPase 298 before, 2) by kinetics analysis, revealing that MglA-GTP converts from an MglB-sensitive to 299
an MglB-resistant form (coined MglA-GTP*), in a manner that is reversed by a positive 300 feedback loop operated by MglA-GDP, and 3) in live bacteria, using a diffusible MglB 301 mutant, which reveals an MglB-resistant population (hence likely MglA-GTP*) that localizes 302 to the cell poles. Our data suggests that the MglB-sensitive MglA-GTP species is represented 303 by the MglA-GTPS structure, in which both switch regions are in active conformations 304 similar to those seen in the MglA/MglB complex (this study, (Miertzschke et al., 2011) , a metal ion that has been shown 309 to be crucial for GTP hydrolysis in other small GTPases (Zhang et al., 2000) , possibly further 310 impairing its ability to hydrolyze GTP. From a structural perspective, it is remarkable that the 311 unique twisted retraction of the switch 1, previously thought to implement a classical inactive 312 GDP-bound state, is in fact the signature of a 3-state GDP/GTP switch. 313
314
The existence of two distinct MglA-GTP species reveals that distinct functional MglA-GTP 315 subpopulations operate in gliding bacteria: one which clusters stably at the leading edge to 316 define polarity during movement, and one that associates with the motility complex and 317 travels backwards to propel the bacterial. The transition between these subpopulations can 318 potentially explain how MglA dissociates abruptly from the leading edge at the time of 319 reversal (see below). Because of their structural differences (the conformation of the switch 1 320 region), MglA-GTP and MglA-GTP* have the potential to be discriminated by effectors and 321 regulators, hence to define such subpopulations. Since MglA-GTP* is not sufficient for 322 motility, it is predicted to bind to signaling components located at the leading pole. Likewise, 323
MglA-GTP has active features that are predicted to allow it to recruit the motility complex, 324 become transported to the lagging pole and be inactivated by MglB. Future studies are needed 325 to determine whether MglA effectors and regulators bind in an exclusive manner to a specific 326
MglA-GTP species and/or if they can bind either productively or unproductively depending 327 on the MglA-GTP species. The regulation of this three-state GDP/GTP switch by a positive 328 feedback loop operated by MglB and MglA-GDP potentially explains how MglA rapidly 329 detaches from the leading pole to complete the reversal process ( Figure 5 ). Our findings 330 suggest that the MglA-GDP pool generated by inactivation of MglA-GTP during motility is 331 the mobilization messenger that converts polar MglA-GTP* into diffusible MglA-GTP, 332 allowing it to reach the lagging pole to be inactivated by MglB during reversals. This positive 333 feedback loop would explain the fast non-linear dynamics of MglA re-localization to the 334 lagging cell pole when reversals are provoked (Guzzo et al., 2018) . Further work is needed to 335 prove that the feedback loop operates in vivo, but the observation that an MglA-YFP 336 population remains immobilized at the cell pole when MglB 3M is expressed strongly suggests 337 that the MglA-GDP/MglA-GTP*/MglA-GTP cycle is required for functional MglA The full understanding of the three-state GTPase switch will still require that important 365 remaining issues are elucidated. One of them is the mechanism that controls the mobilization 366 of the MglA-GDP pool at the onset of a reversal. In one mechanism, MglA-GDP could be 367 generated rapidly by MglB following FrzX signaling. Alternatively, it may be actively 368 retained at the lagging pole and protected from reloading GTP, until a signal releases it into 369 the cytosol. Another important question will be to elucidate how MglA-GDP generated during 370 the reversal is rapidly reloaded with GTP to complete the cycle. It is tempting to speculate 371 that a GEF activity is upregulated during reversals, such as to convert MglA-GDP into MglA1 3 futile inactivation by MglB and contribute to MglB relocalization. In conclusion, we propose 374 that the existence of three distinct MglA states is a key ingredient to enable MglB, RomR and 375
MglA to communicate at a distance by means of a diffusible messenger, thereby 376 implementing the spatial component of the relaxation oscillator switch. Given that small 377 GTPases are involved in polarity control, it is likely that such regulation also operates in a 378 number of other biological systems. 379
Methods 380 381
Protein cloning, expression and purification. 382
383
All proteins were cloned in a pET28 plasmid. The MglA construct contains a non-cleavable 384 6xHis-tag at the C-terminus. Two MglB constructs were used. One construct carries a 34-385 residue tag at the N-terminus including a 6xHis tag and a thrombin cleavage site and was used 386
for the crystal structure of unbound MglB (MglB-1). A second MglB construct carries a 6xHis 387 tag followed by a TEV protease cleavage site at the N-terminus was used for all other 388 structural and biochemical experiments (MglB-2). The MglB K14A/R115A/K120A triple mutant 389
) was obtained by inserting each mutation using a specific oligonucleotide starting 390 from the MglB-2 plasmid. 391
All proteins were expressed in E. coli BL21(DE3) strain grown in LB medium. 392
Overexpression was induced by 1 mM IPTG overnight at 20 °C. Bacteria were pelleted by 393 centrifugation, resuspended in lysis buffer (Tris 20 mM pH 7.5, 300 mM NaCl, 20 mM 394 imidazole, 5 mM DTT) complemented with benzonase and an anti-protease inhibitor cocktail 395 and disrupted in a pressure cell homogeniser at 20000 psi and centrifuged. Cleared lysates 396 were loaded onto a nickel affinity column (HisTrap FF, GE Healthcare) mounted on an Akta 397 chromatography system. Proteins were eluted by a gradient of imidazole (20 to 500 mM). 398
Purification of MglA was completed by gel filtration chromatography on a Superdex75 399 10/300 column (GE Healthcare) equilibrated with a buffer containing Tris 20 mM pH 8, 400 50 mM NaCl and 10 mM MgCl 2 . Purification of MglB-1 was completed by gel filtration 401 chromatography on a Superdex75 16/600 column equilibrated with a buffer containing 402 50 mM Tris pH 8, 100 mM NaCl, 1 mM MgCl 2 . The 6xHis tag of MglB-2 was cleaved by 403 incubation with the TEV protease overnight at 4°C (1:20 w/w ratio). The cleaved tag was 404 removed by a second Ni 2+ affinity step, then purification was completed by gel filtration 405 chromatography on a Superdex75 10/300 column equilibrated with a buffer containing 20 406 mM Tris pH 8, 50 mM NaCl and 10 mM MgCl 2 . MglB 3M was purified as MglB-2. All1 4
proteins were pure over 90 % as judged by SDS-PAGE, concentrated to 2 mg/mL and stored 408 at -20 °C. 409
Homogeneous loading of MglA with GDP, GTP, mant-GTP or GTPγS was achieved by 410 incubation with a 20x molar excess of either nucleotide for 30 minutes at room temperature in 411 a buffer containing 10 mM MgCl 2 , then excess nucleotide were removed by gel filtration 412 using a Superdex75 column. We note that MglA-GDP and MglA-GTP elute at different 413 volumes, which improves their chromatographic separation. hanging drops dispensed with a Cartesian crystallization robot. The crystal was cryo-protected 439 with 10% glycerol and flash frozen before data collection at beamline PROXIMA 1 (SOLEIL1 5 synchrotron). Diffraction data were processed using XDS (Kabsch, 2010) and scaled with 441
Aimless (Evans and Murshudov, 2013) . 442
443
Unbound MglB. Initial crystallization conditions were identified using sparse matrix screens 444 with a Cartesian robot and optimized to produce diffracting crystals. Two crystal forms were 445 obtained, one in 20% isopropanol and 10% PEG 4000 which was used to derive a low 446 resolution envelope (form 1), and one in 0.1 M MES pH 6, 0.15 M ammonium sulfate and 447 15 % (w/w) PEG 4000 which was used for structure determination (form 2). Crystals were 448 cryo-protected with 10 % glycerol and flash frozen before data collection at beamline 449 PROXIMA 1 at SOLEIL synchrotron. Diffraction data were processed and scaled using the 450 XDS package (Kabsch, 2010) . by GTP hydrolysis (λ Ex = 430 nm, λ Em = 465 nm). After expression and purification, PBP was 509 labeled with N-[2-(1-maleimidyl)ethyl]-7-(diethylamino)coumarin-3-carboxamide (MDCC) 510 as described (Brune et al., 1998) . GAP experiments were performed at 25 °C using 5 μm 511 (Figures 3A and 3B ) or 10 µM (Figures 3C and 3D) 
SEC-MALS 519
For size exclusion chromatography coupled to multiangle light scattering (SEC-MALS) 520 analyses, MglB was prepared at 3 mg/mL in a buffer containing 20 mM Tris pH 7.5, 50 mM 521 NaCl, 10 mM MgCl 2 . The same buffer was used as the mobile phase for SEC using a 522
Superdex 75 10/300 GL column on a Shimadzu HPLC. Multi-angle light scattering was 523 detected with a MiniDAWN TREOS light scattering module and a refractometer Optilab T-524
rEX (Wyatt Technology). 525 526
Circular dichroism. 527
Measurements were performed at 25 °C using a Jobin-Yv on Marker IV high sensitivity 528 dichrograph. The MglA sample was dialyzed in 20 mM phosphate buffer at pH 8 and kept at 529 4 °C. Measurements were recorded at 0, 10 and 30 minutes after placing the sample at 25 °C. 530
Far-UV spectra were collected from 190 to 260 nm with 1 nm steps in a 0.1 cm path-length 531 quartz cell. Three scans were averaged and corrected by subtracting a buffer spectrum. 532 533
Nucleotide content determination 534
MglA was prepared in a GTP state as described in the purification section. Samples incubated 535 for one hour on ice or at at 25 °C were denatured by addition of methanol at -20 °C for two 536 hours and then centrifuged to remove the precipitated protein. The nucleotides in the soluble 537 fractions were analyzed by ion exchange in a MonoQ column recording absorbance at 2541 8
540
SAXS Data Collection, Analysis and Structural Modeling 541
MglB SAXS data was collected using the inline HPLC-coupled SAXS instrument at SWING 542 beamline (SOLEIL Synchrotron, France). 600 μg MglB in a 40 µL volume (15 mg/ml) was 543 injected into a size exclusion chromatography column (SEC-3 300 Å, Agilent Technologies, 544
Inc.) equilibrated with elution buffer (20 mM Tris pH 8.0, 150 mM NaCl and 1mM DTT), 545 prior to SAXS data acquisition. Data reduction to absolute units, frame averaging, and 546 subtraction were done using the FOXTROT program (synchrotron SOLEIL). Frames 547 corresponding to the high-intensity fractions of the peak and having constant radius of 548 gyration (R g ) were averaged. All SAXS data analyses were performed with programs from the 549 ATSAS package (Petoukhov et al., 2012) . R g was evaluated using the data within the range of 550
Guinier approximation sR g <1.3 and by the Guinier Wizard and Distance Distribution Wizard. 551
The maximum distance D max was estimated with PRIMUS and refined by trial and error with 552 GNOM. The distance distribution functions P (r) were calculated with GNOM. The 553 dimensionless Kratky plot was calculated by plotting (qR g ) 2 I (q) /I (0) against qR g . The molecular 554 weight was estimated by PRIMUS Molecular Weight wizard. The fit between scattering 555 experimental amplitudes and amplitudes calculated from the crystal structure of the MglB 556 dimer was calculated with CRYSOL. 10 independent ab initio models were calculated with 557 GASBOR, using data at q=0.25 and imposing P2 symmetry, which were compared with 558 SUPCOMB and clustered with DAMCLUST. The consensus model was represented by the 559 lowest Normalized Spatial Discrepancy (NSD), which was determined with DAMSEL. The 560 flexible C-terminal fragments in each MglB monomer were modelled with MultiFoXS 561 (Schneidman-Duhovny et al., 2016) . The resulting models were clustered into 4 ensembles, 562 yielding an excellent fit to the experimental SAXS data. The SAXS data have been deposited 563 with the SAXSDB database under the accession code SASDET9. SAXS statistics are given in 564 Table S2 . 565 566 Liposome co-sedimentation assays 567
568
All lipids are natural lipids from Avanti Polar Lipids. Liposomes were prepared with 76% 569 phosphatidylethanolamine (PE), 4.9% phosphatidylglycerol (PG), 9.3% cardiolipin (CL), 570 6.5% phosphatidylserine (PS), and 3% lysophosphatidylcholine (LPC) in 50 mM Tris buffer1 9 extruded through a 0.2 μm polycarbonate filter. Sucrose was removed by dilution in a buffer 573 containing 50 mM Tris pH 7.5 and 120 mM NaCl, followed by centrifugation at 100,000 rpm 574 and resuspension in the same buffer. Co-sedimentation assays were performed by incubating 575 proteins (1 μM) with liposomes (1 mM) at room temperature for 10 minutes, followed by 576 centrifugation at 100,000 rpm for 20 minutes. Controls were prepared without liposomes. 577
Supernatants were recovered and pellets were re-suspended in the original buffer volume. All 578 samples were analyzed by SDS-PAGE. All experiments were done in triplicate. 579 580 Bacterial strains, plasmids, growth conditions, and genetic constructs. 581
Strains, plasmids and primers used for this study are listed in Tables S3, S4 
Expression of MglB and MglB
3M
. 591
MglB and MglB
3M were expressed in the mglB deletion strain. The pSWU19 MglB 3M for 592 complementation of the mglB deletion was constructed by amplifying the mglB coding 593 sequence. The mutated fragment was cloned into the pSWU19 vector by the one-step 594 sequence-and ligation-independent cloning (SLIC) method as described (Jeong et al., 2012) . 595 596
Contruction of MglB-and MglB
3M -neon green fusions. 597
MglB-NG and derivatives were expressed by complementing the mglB deletion mutant 598 (Zhang et al., 2010) by integration of pSWU19 mglB-ng/mglB 3M -ng at the Mx8 Phage 599 attachment site. For this, the MglB/MglB 3M (using pET28 MglB 3M as a template, Table S4 ) 600 and mNeon-green encoding sequences were amplified by PCR and mixed for cloning into the 601 pSWU19 vector by the SLIC method.0 Soft-agar motility was performed as previously described (Bustamante et al., 2004) . In 605 general, cells were grown up to an OD between 0.4 to 0.8 and concentrated at OD = 5 then 606 spotted (10μL) on CYE 0.5% (soft). Colonies were photographed after 48 H. 607 608
Fluorescence imaging and fluorescence intensity measurements. 609
For phase-contrast and fluorescence microscopy, cells from exponentially growing cultures 610 were concentrated to an OD=2 by centrifugation of 1 mL of culture and resuspended in the 611 corresponding volume of TPM buffer (10 mM Tris-HCl, pH 7.6, 8 mM MgSO 4 , and 1 mM 612 KH 2 PO 4 ). Then, a drop of 2 µL was deposited on a coverslip and covered with a 1.5 % agar 613 pad with TPM buffer. Microscopic analysis was performed using an automated and inverted 614 epifluorescence microscope TE2000-E-PFS (Nikon, France) with a 100×/1.4 DLL objective 615 and a CoolSNAP HQ2 camera (Photometrics). All fluorescence images were acquired with a 616 minimal exposure time to minimize bleaching and phototoxicity effects. 617
618
Cell tracking. 619
Image analysis was performed with MicrobeJ using a FIJI-based tracking procedure 620 developed for bacteria (Ducret et al., 2016) . Cells were detected with MicrobeJ by 621 thresholding the phase-contrast images after stabilization. Cells were tracked using MicrobeJ 622 on a minimum of 40 frames by calculating all object distances between two consecutive 623 frames and selecting the nearest objects. The computed trajectories were systematically 624 verified manually and, when errors were encountered, the trajectories were removed. Analysis 625 of the trajectories, distance to origin and MSD calculations were performed with MicrobeJ. 626
For each strain, at least two biological replicates acquired independently were analyzed. 627 628
Cluster counting. 629
Image analysis was performed with FIJI with the cell counter plugin and under MicrobeJ with 630 the Maxima detection system. For cluster detection, all fluorescence images were acquired 631 with a 1 s exposure time for optimal signal-noise ratio. 632
633
Western blots. 634
Samples were grown at 32°C in CYE medium to an optical density (OD) at 600 nm (OD600) 635 of 0.4 to 1 a volume of culture equivalent to 1mL was centrifuged for 5 min at 7000 rpm. The 636 pellet corresponding to whole cells was resuspended in SDS-PAGE loading buffer containing1 equivalent 1 OD600 unit were separated by SDS-PAGE. Electrophoresis was performed at 639 180V for 50 min at room temperature using 10% SDS-polyacrylamide gel. For Western 640 blotting, proteins were transferred from gels onto nitrocellulose membranes. The membranes 641 were blocked during 1h at room temperature in Tris-buffered saline (pH 7.6), 5% milk, 0.2% 642 Tween 20 (for MglA) or in Tris-buffered saline (pH 7.6), 2% milk, 0.2% Tween 20 (for MglB) 643 and incubated with primary antibodies directed against MglA (dilution at 1:5000) or MglB 644 (dilution at 1:2500) in blocking buffer overnight at 4°C. After two washings of 5 min with 645
Tris-buffered saline (pH 7.6), 0.2% Tween 20 membrane were incubated with Goat Anti-646
Rabbit IgG (H + L)-HRP Conjugate (#1706515 biorad) in the respective blockings buffers. 647
The peroxidase reaction was developed by chemiluminescence (SuperSignal™ West Pico 648
Chemiluminescent Substrate #34080 Thermo Scientific™) scanned and analyzed with 649
ImageQuant LAS 4000 and TL analysis software (GE Healthcare life sciences). 
846
Note: # Crystal structure of the MglB dimer with the two C-terminal peptides modeled as ensemble 1 
